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1.0  INTRODUCTION 
 
Coconut shell is one of the main polluter that 
contributes to the nation’s pollution problem. It is a 
solid waste in form of shell with approximately 3.18 
million tonnes produced annually [1]. The common 
waste materials that used to improve the quality of 
pavement construction are ash, scrap tire, iron and 
steel slag, fly ash and plastic waste[2]. Coconut shell 
(CS) and coconut fiber (CF) as shown in Figure 1 are 
known as new waste materials that used in highway 
industry. This is because coconut shell has good 
weather resistant thus it is suitable to use as 
construction materials. Besides, it has no economic 
value and its dispose process is costly and will cause 
environmental problem [3].  
 
 
 
Figure 1 Coconut shell (left) and coconut fiber (right) 
 
 
The chemical compositions of CS contains is 33.61% 
cellulose, 36.51% lignin, 29.27% pentosans and 0.61% 
ash [4]. CS has low ash content but high volatile 
matter, 65-75%3. While CF has the lowest cellulose 
content, 36 - 43% but with twice amount of lignin (41- 
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45%) compared to jute and sisal which makes it has 
greater resistance and hardness [5]. CF will act as 
stabilizing additives when added into the asphalt mix 
around 180°C [6].The water absorption of the CS is 
higher than conventional aggregate, which is 24% 
compared to 0.5 [1]. CS is also more resistance 
against impact, crushing and abrasion compared to 
others conventional crushed granite aggregate [4]. It 
can use to mix with asphalt mixture directly for the 
experiment except water absorption test [4,7]. This is 
because coconut shell has high water absorption 
capability and not suitable to use for mixing without 
treatment. 
CF generates many advantages when react with 
asphalt mixture as it can reduce bleeding of the 
binder and advancing the macrotexture of the 
coating [8]. Besides, it can help to reform the 
mechanical characteristics and improve surface 
drainage pavement of tyres [9]. CF enable the use of 
discontinuous of grain size, which can increase the 
content of binder [10-11], hence the aggregates will 
coat with thicker film. This can reduce the oxidation 
of asphalt mixtures, moisture penetration and 
separation [10].  
On the other hand, all asphalt applications has 
one problem, it will become brittle at low 
temperatures and soft at high temperatures [12].CF 
can increase the range of temperature of porous 
asphalt thus help to resist degradation. This function 
can reduce the drying and cracking that occur in 
conventional asphalt pavement when faces various 
climate [13]. At high mixing and compaction 
temperatures, CF also helps in reduce the flow of 
asphalt hence it can help to prevent bleeding and 
make sure the air void content is not clogged by 
asphalt binder [14]. The characteristics and 
properties of coconut fiber are given Table 1.  
CF has outstanding moisture absorption because 
the irregular of crack in the cross section surface 
provides unique structure. The unique structure also 
results in better air permeability and moisture 
conductivity. In addition, the unique structure of the 
CF will improve the moisture susceptibility, 
viscoelasticity and rutting resistance as well as 
ameliorate low temperature anti-cracking properties, 
durability, material toughness, fatigue life and 
lowering reflective cracking of asphalt concrete 
mixtures and pavements [11,15]. 
 
 
 
 
 
 
 
 
 
 
 
 
Table 1 Characteristics and properties of the coconut fiber 
[14] 
 
Characteristics of granulated Results 
Average length of the granulated one 10-20mm 
Average thickness 0.1mm 
Amount (percentile in weight) 0.5-0.7% 
Ph 5.4 
Electric Conductivity 1.8dS/m 
Capacity of cationic exchange 92 
Relation C/N 132 
Specific mass 70g/L 
Water retention 538ml/L 
Capacity of aeration 45.5% 
Porosity  95.6% 
 
 
2.0  RESEARCH FINDING 
 
Abiola et al. [16] reported that there have two 
methods to mix fiber into bitumen modification. The 
wet process blends the fibers with asphalt binder 
prior to incorporating the binder into the mixture 
while the dry process mix the fiber with aggregate 
before adding asphalt. From the experiment result, 
Abtahi et al. [17] stated that there is no difference in 
the Marshall properties between the dry process and 
wet process. However, the dry process is easier to 
carry out and better distribute the fiber in the mixture. 
Besides that, there is no advantages carry out wet 
process since fibers would not melt in the asphalt and 
the field work normally used dry process. Do Vale et 
al. [14] have applied the coconut fiber on Stone 
Matrix Asphalt (SMA) using two different methods 
which are Marshall[18]and Superpave [19]. The 
Marshall method controls the void during the 
compaction of the mixtures with different blows 
adopted for each face.  The samples in Superpave 
were compacted in 100mm cylinder with 100 turns for 
the sample without fiber and with fiber of cellulose 
while 160 turn for samples with fiber of coconut to 
reach 4% of air void content.  
The samples from Superpave and Marshall had 
been used for indirect tensile strength[20], drain 
down test [21], resilient modulus [20], moisture 
susceptibility and fatigue life [22]. The results show 
that tensile strength and resilient modulus of SMA 
CAP 50/70 with coconut fiber was higher by using 
Superpave method and it was the highest among 
three different condition of samples: without fiber, 
with coconut fiber and with cellulose fiber [23]. The 
coconut fibers are used to prevent flow of asphalt at 
high compaction and mixing temperatures. The 
percentages of fiber used are 0.1 to 0.7 and they 
were heated up separately with aggregate at 175°C 
before mixing with asphalt binder. Do Vale el al. [14] 
presented the result that 0.5% of coconut staple fiber 
is workable in mixtures of types SMA with CAP 50/70 
can prevent the flow parameter. The length of 
coconut fiber should not be more than 20 mm. Table 
2 summarize the results of Marshall Flow with different 
CF in asphalt mix. 
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Table 2 Flow of asphalt mixture incorporating coconut fiber 
[14] 
 
Fiber 
Fiber 
content (%) 
Flow parameter (%) 
T= 165°C T= 180°C 
Without 
fibers 
0.0 1.06 0.70 
Coconut 
0.5 0.08 0.25 
0.7 0.04 0.09 
Cellulose 
0.3 0.01 0.03 
0.5 0.01 0.02 
 
 
Figure 2 show that coconut fiber does not improve 
the fatigue resistance of SMA mixtures. However, 
coconut fiber was reported that it can improve the 
fatigue resistance of bituminous mixes [24]. On the 
other hand, Thulasirajan and Narasimha [25] 
conducted a study on flow, stability  and volumetric 
properties of the modified fiber with  coconut fiber by 
varying binder content, fiber content and fiber 
length. A 5.72% of bitumen content with 0.52% of 
15mm of fiber content shows good stability and 
volumetric properties. The research can conclude 
that coconut fiber can improve the structural 
resistance to traffic loads in flexible pavement. 
 
 
Figure 2 Fatigue of SMA mixture at different type coconut 
 
 
Hadiwardoyo [26] has investigated the 
contribution of short coconut fiber to pavement skid 
resistance and the results are presented in Figures 3 
and 4. The length of coconut fibers used was 0.5-1.25 
cm and mixed with pen 60/70 asphalt and the 
percentages of fiber contents used were 0%, 0.75% 
and 1.5%. The modified asphalt mixtures mixed with 
course aggregate then mold and compacted with 
wheel tracking compactor by using an 8.16 ton of 
standard vehicle axle load. Skid resistance was 
tested by using British pendulum tester [27] at 
temperature of 26°C, 30°C, 35°C, 40°C, 45°C and 
50°C. The samples were cut into 120 mm x 50 mm x 
50 mm for skid resistance test to get the British 
pendulum number. Figure 3 shows that the modified 
asphalt with 0.75% of coconut fiber has higher skid 
number when compared to others two specimens. 
However, the skid number has decreased when 
temperature reached above 30°C. Meanwhile, skid 
number for modified asphalt with 0.75% and 1.5% of 
coconut fiber has after 2520 load passes has 
decreased after 30°C. The skid number has 
decreased for three different specimens, however, 
the modified asphalt with 0.75% of coconut fiber still 
has higher skid number when compared to others 
two specimens. It is concluded that modified asphalt 
with 0.75% of coconut fiber improved skid resistance 
but did not increase the resistance of the asphalt 
and temperatures changes. 
 
 
 
Figure 3 Relationships between skid number and 
temperature after zero load passes [28] 
 
 
 
Figure 4 Relationships between skid number and 
temperature after 2,520 load passes [28] 
 
 
Al-Mansob[28] has investigated the modified 
asphalt with palm oil shells (POS) and coconut shells 
(CS) as additives. Both additives are added by using 
4.75 mm with various percentages (0, 5, 10, 15 and 
20%) of the total weight of size 4.75 mm of the 
aggregate. The modified asphalt samples were 
compacted by Superpave method[29-30] and 
tested the modulus, static and dynamic creep tests 
by using IPC Global Universal Testing Machine. 
Besides that, the POS and CS had been tested for 
their density, relative density and absorption 
according to ASTM C 127 and ASTM C 128[31-
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32].Table 3 shows the specific gravity of the 
aggregated and additives that used. The result 
shows that Gsg of CS is much lower than 
conventional aggregate which is 0.94 and 2.63 
accordingly. 
 
Table 3 Specific gravity of raw materials used [30] 
 
Sieve size (mm) Specific gravity, Gsg 
9.50 2.63 
4.75 2.63 
2.36 2.64 
0.30 2.65 
0.075 2.64 
Pan 2.65 
4.75mm (Palm oil shells) 1.16 
4.75mm( Coconut shells) 0.94 
Asphalt Cement 1.03 
 
 
Table 4 shows that optimum asphalt content 
(OAC) at 4% air void decreased as the percentage 
of CS added increased. This is because of the ability 
of CS to absorb the asphalt. However, modified 
asphalt for 15% and 20% CS added do not meet the 
specification required of National Asphalt Pavement 
Association (NAPA). 
 
Table 4 Optimum bitumen content for cs mixes [28] 
 
Properties Asphalt content (%) 
Percentage of 
agg. (4.75 mm) 
0% 5% 10% 15% 20% 
Resilient 
modulus (MPa) 
4.70 4.90 4.85 4.75 4.6 
VMA (%) 4.50 5.55 5.35 5.55 5.5 
Va(%) 5.80 5.80 5.60 5.05 5.1 
U.W (g/cm3) 5.00 5.70 5.45 5.75 5.7 
VFA (%) 5.05 5.48 5.29 5.30 5.3 
OAC 5.00 5.49 5.31 5.28 5.3 
 
 
Figure 5 shows the resilient modulus for POS, CS and 
control mixes. Resilient modulus is most significant in 
the mechanistic design of pavement structure. The 
result shows that resilient modulus has increased as 
the percentage of CS mixtures increased. This shows 
that CS can increase the resilient modulus of the 
asphalt pavement. 
 
 
Figure 5 Resilient modulus for POS, CS and control mixes [28] 
 
 
Static creep test is used to delve into the asphalt 
mixtures permanent deformation. A 5% of CS mixes 
showed higher performance than others CS and also 
the control mixes as illustrated in Figure 6. However, a 
10% of CS mixes is accepted and reliable because it 
is quite nearly with the control mixes. 
 
 
Figure 6 Comparison of static creep behavior and CS 
mixes[28] 
 
 
Dynamic creep test is used to verify the robustness 
of bituminous mixtures to plastic deformation. Table 5 
shows that the CS mixes lower the increment of the 
creep resistance as the plastic and cohesive 
properties of the modified asphalt are lost. CS mixes 
do not improve the modified asphalt concrete 
performance which is also found by Do Vale et al. 
[14] 
 
Table 5 Dynamic creep behavior of CS mixes[14] 
 
CS additives (%) 
Maximum permanent 
deformation (mm) 
0 0.247655 
5 0.101954 
10 0.399878 
15 0.496093 
20 0.641636 
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3.0  DISCUSSION 
 
Detailed investigated should be done on the CS and 
CF like reinforcing mechanisms as well as optimum 
fiber and shell content. The various properties of CS 
and CF like fiber and shell content, fiber length, shell’s 
size, shell’s shape and orientation of fibers should be 
focus in the asphalt pavement in the future research. 
In addition, field performance of shell and fiber 
modified asphalt pavement should be determine the 
boundary effects on the test results. New research 
field can be conducting such as investigate 
modeling of mechanical properties of CS and CF 
modified asphalt pavement by using composite 
science principles. 
 
 
Acknowledgement 
 
The support provided by Malaysian Ministry of Higher 
Education (MOHE) and Universiti Teknologi Malaysia 
(UTM) in the form of a research grant number 
Q.J130000.2622.09J75 for this study is very much 
appreciated. 
 
 
References 
 
[1] Gunasekaran, K., R. Annadurai, and P. Kumar. 2012. Long 
Term Study on Compressive and Bond Strength of 
Coconut Shell Aggregate Concrete. Construction and 
Building Materials. 28(1): 208-215. 
[2] Basri, H., M. Mannan, and M. Zain. 1999. Concrete Using 
Waste Oil Palm Shells as Aggregate. Cement and 
Concrete Research. 29(4): 619-622. 
[3] Nagarajan, V. K., et al. 2014. Experimental Study on Partial 
Replacement of Cement with Coconut Shell Ash in 
Concrete. International Journal. 
[4] Shelke, A. S., et al. 2014. Coconut Shell as Partial 
Replacement for Coarse Aggregate: Review. 
International Journal of Civil Engineering Research. 5: 211-
214. 
[5] Esmeraldo, M. 2006. Preparação de Novos Compósitos 
Suportados em Matriz de Fibra Vegetal. Masters Degree, 
Departamento de Química Orgânica e Inorgânica, 
Universidade Federal do Ceará, Fortaleza-CE-Brazil. 
[6] Vasconcelos, K. L. 2004. Comportamento mecânico de 
misturas asfálticas a quente dosadas pelas metodologias 
marshall e superpave com diferentes granulometrias. 
[7] Olanipekun, E., K. Olusola, and O. Ata. 2006. A 
Comparative Study of Concrete Properties Using Coconut 
Shell and Palm Kernel Shell as Coarse Aggregates. 
Building and Environment. 41(3): 297-301. 
[8] da Silva Dias, T. M. and B.-H. A. da Silva. 2014. Potential 
Utilization of Green Coconut in Asphalt Paving in Rio de 
Janeiro and Its Benefits for the Environment. 
[9] Beligni, M., D. F. Villibor, and J. R. Cincerre. 2000. Misturas 
Asfálticas do Tipo SMA (Stone Matic Asphalt): Solução 
para Revestimentos de Pavimentos de Rodovias e Vias 
Urbanas de Tráfego Intenso. Anais da Reunião Anual de 
Pavimentação-32 º RAPv. Brasil. 1: 590-605. 
[10] Neves Filho, C., L. Bernucci, and J. Fernandes Jr. 2004. 
Avaliação de misturas asfálticas SMA produzidas com 
ligante Avaliação de misturas asfálticas SMA produzidas 
com ligante asfalto-borracha quanto ao módulo de 
resiliência, a resistência à tração e fadiga. 17o. Encontro 
de Asfalto, Rio de Janeiro. 17º. Encontro de Asfalto. 1: 
128-136. 
[11] Tan, I.A., et al. 2012. Effect of Mercerization and 
Acetylation on Properties of Coconut Fiber and its 
Influence on Modified Bitumen. UNIMAS e-Journal of Civil 
Engineering. 5(1). 
[12] Al-Hadidy, A. and T. Yi-Qiu. 2009. Mechanistic Approach 
for Polypropylene-modified Flexible Pavements. Materials 
& Design. 30(4): 1133-1140. 
[13] Lanchas, S. 1999. Características Del Stone Mastic Asphalt 
SMA. in Anais do Congresso Ibero-Latino americano Del 
Asfalto–10 CILA. Conference.Location 
[14] do Vale, A. C., M. D. T. Casagrande, and J. B. Soares. 
2006. Application of Coconut Fibers in SMA Mixtures. 
Pavements Mechanics Laboratory, Transport Engineering 
Department Federal University of Ceara, Brazil. 
[15] Chen, H. and Q. Xu. 2010. Experimental Study of Fibers in 
Stabilizing and Reinforcing Asphalt Binder. Fuel. 89(7): 
1616-1622. 
[16] Abiola, O., et al. 2014. Utilisation of Natural Fibre as 
Modifier in Bituminous Mixes: A Review. Construction and 
Building Materials. 54: 305-312. 
[17] Abtahi, S., et al. 2008. An Investigation on the Use of 
Textile Materials to Mechanical Reinforcement of Asphalt-
Concrete (AC) Structures and Analysis of Results by an 
Artificial Neural Network (ANN). 4th Nat Cong on Civil Eng. 
[18] ASTM. 1989. Test Method for Resistance of Plastic Flow of 
Bituminous Mixtures Using Marshall Apparatus. D1559. 
West Conshohocken, PA. 
[19] AASHTO. 2001b. Standard Specification for Designing 
Stone Matrix Asphalt (SMA). MP-8. Washington, DC. 
[20] Rodagem, D.N.d.E.d. 1994b. Misturas betuminosas–
determinação da resistência à tração por compressão 
diametral. 138/94. Rio de Janeiro, RJ,Brazil (in Portugese). 
[21] AASTHO. 1997. Standard Practice for Designing Stone 
Matrix Asphalt (SMA). PP-41. Washington, DC. 
[22] AASHTO. 1989. Resistance of Compacted Bituminous 
Mixture to Moisture Induced Damage. T-283. Washington, 
DC. 
[23] Vale, A.C.d., M. D. T. Casagrande, and J. B. Soares. 2013. 
Behavior of Natural Fiber in Stone Matrix Asphalt Mixtures 
Using Two Design Methods. Journal of Materials in Civil 
Engineering. 26(3): 457-465. 
[24] Panda, N. 2010. Laboratory Investigations on Stone Matrix 
Asphalt Using Sisal Fibre for Indian Roads. NATIONAL 
INSTITUTE OF TECHNOLOGY ROURKELA. 
[25] Thulasirajan, K. and V. Narasimha. 2011. Studies on Coir 
Fibre Reinforced Bituminous Concrete. International 
Journal of Earth Sciences and Engineering ISSN. 0974-
5904. 
[26] Hadiwardoyo, S. P., R. J. Sumabrata, and P. Jayanti. 2013. 
Contribution of Short Coconut Fiber to Pavement Skid 
Resistance. Advanced Materials Research. 789: 248-254. 
[27] AASHTO.2012. Standard Method of Test for Surface 
Frictional Properties Using the British Pendulum Tester. T278-
90. Washington, DC. 
[28] Al-Mansob, R. A., et al. 2013. Comparison between 
Mixtures of Asphalt with Palm Oil Shells and Coconut Shells 
as Additives. Jurnal Kejuruteraan. 25: 25-31. 
[29] Asi, I. M. 2007. Performance Evaluation of SUPERPAVE and 
Marshall Asphalt Mix Designs to Suite Jordan Climatic and 
Traffic Conditions. Construction and Building Materials. 
21(8): 1732-1740. 
[30] Memon, N. 2006. Comparison Between Superpave 
Gyratory and Marshall Laboratory Compaction Methods. 
Skudai: Universiti Technology of Malaysia. 
[31] ASTM. 2003a. Standard Test Method for Density, Relative 
Density (Specific Gravity) and Absorption of Coarse 
Aggregate. C127. Conshohocken, Pennsylvania. 
[32] ASTM. 2003b. Test Method for Density, Relative Density 
(Specific Gravity), and Absorption of Fine Aggregate. C 
128. Conshohocken, Pennsylvania. 
 
